has been supposed that the early RP represents perhaps a direct manifestation of changes in visual pigments due to absorption of light,but the mechanism to elicit this response is still unknown.The recent report of CONE(1967) that the early RP is generated as rhodopsin proceeds through the initial stages of bleaching intermediates of rhodopsin would seem to support the concept that the responses are generated by the net displacements of charge in the pigment molecule.
The experiments reported here are a part of series of studies on the early RP of the isolated frog retina,and an attempt was made to know some fundamental properties of the early RP;such as effects of successive light flashes, effects of potassium ions and effects of polarization;by using the method which has been described by HANAWA, KUGE and MATSUMURA(1967) .This method is particularly advantageous for the investigation,since it serves to eliminate the photovolatic artifacts which have been produced by the presence of metal electrodes,and the chemical environments on the scleral or vitreous side of the retina are easily exchangeable independently.
Preparation of the isolated tissue.Experimental animals in this study were darkadapted bullfrogs(R.catesbiana).Following three types of preparations were made by dissection under dim white light;1)the retina with the pigment epithelium,2)the retina deprived of the pigment epithelium,3)the pigment epithelium-choroid complex. Details of making the retina with the pigment epithelium and that without it have been described previously(HANAWA, KUGE and MATSUMURA,1967) .To make the pigment epithelium-choroid complex,the eye-ball from which the sclera was removed was placed on a sheet of filter paper having a small hole(diameter 6mm)with the corneal side upwards.Then the posterior half of the eye-ball was dissected away from the anterior portion along the equator.A sheet of filter paper was then placed on the retina.Af ter a few moments the filter paper adhered to the retina and was stripped off gently from the choroid,thus the retina was removed entirely. 
RESULTS
The effects of successive light flashes.Since the time of KUHNE(1878) ,it has been well known that the regeneration of rhodopsin in the isolated retina alone is slow and incomplete,but becomes faster and more complete if the retina is placed in contact with the pigment epithelium.Recently,CONE (1964) reported that the amplitude of the early RP is linearly proportional to the amount of visual pigments bleached by a flash.Therefore,an attempt was carried out to confirm such augmentative activities of the pigment epithelium by measuring the early RP from the retina with the pigment epithelium intact or that of the retina alone.Both were immersed in a bathing solution stirred by a stream of oxygen or nitrogen bubbles,since the amplitude of the early RP would be related to the concentration of visual pigments in the outer segments if the responses are elicited by flashes of fixed intensity.All the preparation had been initially immersed for 30min in the solution saturated with a given pure gas,and then stimulated by successive intense light flashes at 5min intervals.The amplitude of the early RP was measured from the peak of the cornea-positive phase to that of the cornea-negative one.In all four and the negative phase completely disappeared,and a slow positive-going hump following the positive phase was detected (FIG.7Aa) .In addition,it was found that the peak of this slow potential appeared between the positive phase of the early RP and the leading edge of the a-wave(Ba).The peak latency was about 4 msec for this slow potential,while the mid point of decline was about 32.5msec.Under this condition,a decrease in the a-wave latency and an increase in the b-wave amplitude were also observed(Ca).On the other hand, when the vitreous side of the retina was polarized positive,relative to the scleral side,the early RP is slightly decreased in the amplitude of the positive phase and remarkably increased in that of the negative phase(Ac and Bc).Moreover, it was observed an increase in the a-wave latency and a decrease in the b-wave amplitude(Cc). in FIG.7D , however,a slow response could be elicited from the pigment epithelium-choroid complex by an intense flash when a dc current was passed through the preparation.Under the control condition,only a rapid small negative reponse which is the second phase described by BROWN(1965)was detected(Db).When the vitreous side of the preparation was polarized negative,relative to the scleral side,a slow positive response following the negative phase of the early potential could be elicited by an intense flash,and the negative phase of the early potential decreased in amplitude(Da).By contrast,the negative phase became strikingly prolonged and enhanced by a current of the opposite direc- decrease in the membrane resistance of the visual cells.As described in the preceding paper(HANAWA,KUGE and MATSUMURA, 1967),the permeability of potassium ions through the retina proper is at least three times higher than those of sodium and chloride ions,and it has the same value in either direction.Therefore,an increase of the potassium concentration in the bathing solution on either one side of the retina leads to an increase in the transretinal electrical conductivity. it seems likely that a depolarizing potential ,which is a response of opposite polarity to the negative phase of the early RP ,is elicited from the cell membrane of outer segment ,since an application of alum to the retina produces a constant decrease in ratio of heights of positive and negative phase (HANAWA,MATSUMURA and MATSUURA,1968).Thus,it is possible to explain the decrease in ratio of heights of positive and negative phase in high potassium solutions by assuming a decrease in amplitude of a depolarizing potential from the cell membrane of the outer segment .
The effects of polarization.When a pigment epithelium-choroid complex containing melanin granules is stimulated by a high intensity light flash ,it generates a fast electrical response similar to the early RP of retinal photoreceptors (BROWN,1965) .Since the response is photostable and has a spectral response curve which is essentially flat through the major portion of the visible range,the response appears to be mediated primarily by melanin(BROWN and CRAWFORD,1967;EBREY and CONE ,1967).Under normal conditions this lightevoked response consists of three phases which seem comparable to the biphasic early RP and late RP of the retinal photoreceptors ,and the second phase normally masks the first phase (BROWN and GAGE ,1966a,b) .More recently, BROWN and CRAWFORD(1967) have shown that all three phases of the response are generated by the pigment epithelium cells ,with no detectable contribution from choroidal cells,from the experiments using the microelectrode technique .
As shown in the present study,when the vitreous side of the pigment epithelium-choroid complex is polarized negative relative ,to the scleral side,a new slow positive response following the negative phase(BRoWN's second phase)of the response is elicited by an intense light flash.The peak of this slow response appears between the positive phase of early RP and the leading edge of the a-wave.Under normal conditions a similar electrical response has been observed in pigeons,cats,albino rats and tortoises (YONEMURA and KAWASAKI,1967 
